grew the tubercle bacillus on a medium whose nitrogen source was asparagin and found that the dried bacilli contained 1.1 per cent tryptophane and 1.4 per cent tyrosine. These authors properly pointed out that some bacteria, at least, resembled plants rather than animals in their ability to synthesize proteins. Logie (1920) grew Bacterium coli for several generations on synthetic media containing ammonium lactate, sodium asparaginate, glycerine, salts and water, and found that after adding an alkali and precipitating the cells, a strong Hopkins-Cole test for tryptophane was obtained. Much less definite evidence of tryptophane synthesis by other bacteria was discussed by Logie. No rigid demonstration of specific amino acid synthesis by yeast was found, due possibly to the persistent belief that "bios" is necessary for the growth of all yeasts. The recent work of Fulmer, Nelson and White (1923), and Werkman (1925) , showing that some yeasts, at least, grow readily in a purely synthetic medium, may stimulate work along this line. The work of Thomas (1921) and associates, during the years 1913-1921, had to do with commercial yeast, produced ordinarily in those years from beer wort, and molasses. Tryptophane and tyrosine were shown to be present by definite tests, and by isolation in crystalline form, but can hardly be said to be synthesized.
In the study of amino acid synthesis by molds, Aspergillus niger has been used. Abderhalden and Rona (1905) grew this organism on a medium containing MgSO4, KH2PO4, KCI, FeSO4, glucose and either KNO3, glycine, or glutamic acid. Irrespective of the sources of nitrogen, about the same amounts of glycine, alanine, leucine, glutamic acid and aspartic acid were found in the mold growth. No tyrosine, phenylalanine or proline was found. Apparently tryptophane was not tested for. Thomas and Moran (1914) The problem has a possible practical application. Robertson (1920) would supply the population of the future with proteins from microorganisms which would be grown on cheap carbohydrate material, inorganic salts and inorganic nitrogen. But apparently neither Robertson nor Pringsheim and Lichtenstein (1920) who, due to wax exigencies, fed animals on straw treated with nitrogenous material in which fungi had grown profusely, appreciated the limitations of such foods, if Abderhalden and Rona's findings, so often cited in the literature, were the complete picture. One might also call attention to the common conception (Mendel, 1923 ) that certain herbivorous animals may obtain some of their needed amino acids from those built up by the bacteria growing in the gut. But to be fair one must also point out this is far from being universally accepted, due to lack of clear-cut evidence (Mitchell and Hamilton, 1929) . It is to reopen the whole subject of synthesis of aromatic amino acids by microorganisms that this present work is reported. EXPERIMENTAL A medium of the following composition was used throughout. Mitchell and Beadles (1930) was used. Litter mates of the same sex and within one gram of the same weight were used in pairs. One animal of each pair was fed ration A (9 per cent P. flavo-glaucum protein), and the other received the same ration but with 0.25 gram cystine per 100 grams of ration replacing a like amount of the mold. Each pair received approximately the same amount of food by iving each day to the animal willing to eat the greater amount, the amount the other member of the pair ate the previous day. The greatest care was taken to avoid waste. The animals were weighed every five days. Four pairs of rats were used.
In all four cases the animal receiving the cystine gained more than the other, which results would happen once in sixteen times by chance if the cystine-fortified food were equally as good as the food without cystine. These results in themselves, therefore, are not significant. But 31 separate weighings of pairs were made, and the animal fed on cystine-fortified food in 26 cases 2 The following growth curve (weight in grams, 5-day intervals) of rats on diet shows that the results were not due to insufficiency of vitamin "B," in 100 mgm.
of Harris yeast powder. Each animal was given 2 drops of cod-liver oil and 100 mgm. of Harris preparation daily. A ration was fed ad lib. consisting of Harris Vitamin B free casein, 18 grams, starch 62 grams, Crisco 15 grams, salts 5 grams; Rat 1-37, 51, 65, 83, 101, 117, 134, 148, 160, 173, 48, 63, 82, 99, 114, 126, 137, 150, 165, 41, 41, 41, 42 . Rat 4-(eontrol)- 35, 40, , 40,40. gained more per unit of food consumed than its mate. If the cystine were of no value, the "expected" would be 15g. The divergence of 26 from 151 is 10k. The standard deviation is obtained from the formula a = V/.5 X .5 X 31 = 2.78. In case the divergence from the expected is more than twice as much as the standard deviation, the results are to be considered significant. In this case the value is more than 3.5, and hence the results are to be considered significant to a high degree of probability. They indicate that cystine is beneficial in the diet, that is, that cystine is a limiting factor in the make-up of the mold protein when used as a source of protein in diets on a 9 per cent protein level.
This method of treatment does not take advantage of the magnitude of the greater gain in weight by the cystine fed animals. For this we may use the formulas given by Fisher (1925) : The calculations of the data show that t = 5.6. Using the tables of t of Fisher we find that the highest value given of t for n = 30 is 2.750. With this value of t, the probability of the cystine being of advantage would have been 99 in 100. The results here shown, therefore, are much more highly significant than that.3
It may be concluded, therefore, that the data on the paired feeding not only confirm the conclusions of the previous work that the proteins of Penicillium flavo-glaucum contain all the "essential" amino acids including tryptophane and tyrosine, but also that they demonstrate that cystine, rather than the aromatic amino acids, is present in the protein in such small amounts as to be the first "limiting factor."
In connection with the feeding experiments, it is interesting to compare them with some results of Takata (1929a,b,c) Zygorrhynchus moelleri, Penicillium flavo-glaucum and an unidentified species of Penicillium, when grown in a synthetic medium whose only N source was Ca(NO3)2 and (NH4)2SO4 gave strong Millon tests for tyrosine and all save one gave a positive paradimethylaminobenzaldehyde test for tryptophane.
2. When used as a source of protein at a 9 per cent level in an otherwise complete diet, the dried mycelium of P. flavo-glaucum allowed only slight growth of young rats. On an 18 per cent level the growth was much better.
3. When the dried mycelium was used (9 per cent protein) in rations containing also 9 per cent gelatin no better growth resulted than when the diet containing 9 per cent mold protein alone was fed.
4. When the mycelium was used (9 per cent protein) in rations containing also 9 per cent protein as casein or maize gluten, a normal rapid growth resulted.
5. Paired animal feeding experiments demonstrated that cystine, rather than the aromatic amino acids in the mycelium of P. flavo-glaucum, was the first limiting factor in the growth of rats.
6. It is concluded that all the "essential" amino acids were synthesized by P. flavo-glaucum from inorganic nitrogen, but that cystine was present in only small amounts. Both by chemical tests and animal feeding experiments, tyrosine and tryptophane were shown to be synthesized by this species from inorganic nitrogen.
